Presenteeism refers to impaired performance attributed to attending work with health problems. There has been no study examining the state of presenteeism with objective measures. We compared cerebral hemodynamic changes, measured by near-infrared spectroscopy (NIRS), during neuropsychological tests conducted by university students with presenteeism and healthy controls. Twenty-two university students participated in the study; 11 of them with impaired performance caused by mental health problem were allocated to the presenteeism group and 11 without health problems to the control group. Presenteeism was assessed by the Presenteeism Scale for Students. To evoke hemodynamics changes, the participants completed a Word Fluency Test (WFT) and a Trail Making Test (TMT). The NIRS probes were located over the bilateral prefrontal area. Students with presenteeism had significantly higher incidences of depression than controls. However, there was no significant difference in behavioral performance examinations between the two groups. With regard to hemodynamics changes, the repeated measures analysis of covariance of the NIRS signals revealed significant interactions between group and task activation. Although we observed a significant increase in oxygenated hemoglobin concentration during the WFT among controls (simple main effect; left channel, F(1, 19) = 27.34, P < 0.001; right channel, F(1, 19) = 22.05, P < 0.001), no changes were found in students with presenteeism during either the WFT (simple main effect; left channel, F(1, 19) = 0.12, P < 0.732; right channel, F(1, 19) = 0.08, P < 0.778) or TMT tasks (left channel, t = −0.94, P with Bonferroni correction = 0.745; right channel, t = −2.19, P with Bonferroni correction < 0.113). This is the first study to reveal differences in activity in the cerebral cortex associated with presenteeism. The fact that students with presenteeism have prefrontal dysfunction might reinforce the concept of presenteeism.
Introduction
Presenteeism is the loss of performance in the work place due to health problems [1] [2] . During the last two decades, a number of studies concerning presenteeism have been conducted in the field of occupational health [3] - [5] . Recently, Bergström and colleagues (2009) reported that presenteeism adversely affected general health three years later [6] . Presenteeism is also related to future absenteeism due to sickness [7] . The state of presenteeism may thus be an important factor contributing to a long-term sickness, absenteeism, or job resignation.
It is thought that the proportion of university students who attend class even though they have identified health problems is not negligible [8] . In fact, we found that approximately 60% of university students had experienced some health problems that contributed to weakened academic performance, and proposed this condition as "presenteeism in students" [9] [10] . Good health care in adolescence might be crucial to decreasing the risk of absenteeism and further morbidity because many lifestyle-related health problems are formed at this phase and persist later in life [11] . Hence, more attention should be given to the issue of presenteeism in university students.
To our knowledge, all previous studies regarding presenteeism were based on self-administered questionnaires. No studies examined whether there were any physiological differences in cerebral activity in either students or workers. To develop a deeper understanding of the concept of presenteeism, it is important to examine possible physiological changes associated with the condition.
Of the commonly used functional neuroimaging methods, including single photon emission computed tomography (SPECT), positron emission tomography (PET), functional magnetic resonance imaging (fMRI), and near-infrared spectroscopy (NIRS), NIRS is especially useful for assessing functional changes in the cortex by measuring hemodynamic responses, and is favorable to psychiatric patients because it is quite small, non-invasive, and easy to operate. Attenuated responses in oxygenated hemoglobin (oxy-Hb) during cognitive stimulations have been observed in psychiatric patients, including those with schizophrenia and depression [12] - [14] .
The purpose of this study was, therefore, to assess the state of presenteeism using objective and biological measuring methods. We investigated changes in cerebral hemodynamics during neuropsychological tests conducted by university students with presenteeism and healthy controls.
Methods

Participants and Procedure
Eight university students who visited the health care center for a consultation about mental health problems were enrolled in the study, and an additional 14 student volunteers were enrolled through a lecture about mental health. Of these 22 participants, 11 who had some kind of psychological problems such as depression, anxiety or emotional disorder were evaluated by the Presenteeism Scale for Students (PSS) and allocated to the "Presenteeism group" [9] . The other 11 students had no health problems and were designated as the "Control group". The experimental study concerning the association of presenteeism with cognitive function was conducted from June 2012 to October 2012.
Participants were asked to maintain a routine for bedtime and rising and not to drink alcoholic beverages on the night before the experiment. After administering the PSS, Beck Depression Inventory second edition (BDI-II), and NEO Five-Factor Inventory (NEO-FFI) questionnaires on the experimental day, we assessed executive function via the verbal Word Fluency Test (WFT) and Trail Making Test (TMT Part A and B). After providing a written explanation of the aim of the study, informed consent was obtained from all participants. The study protocol was approved by the Ethics Committee of the Osaka University Health Care Center.
Questionnaires
Firstly, the PSS was used to assess the health problems of participants and the severity of presenteeism. The in-ternal consistency, test-retest reliability, factorial validity, and concurrent validity of PSS have been well addressed previously [9] .
Secondly, depression was assessed using the Japanese version of BDI-II, which consists of 21 items [15] [16] . Scores for this instrument rage from 0 to 63, with higher scores indicating greater depressive symptoms; the Japanese version of BDI-II was reported to have good reliability and validity [16] .
Finally, personality was assessed using the Japanese version of NEO-FFI, a 60-item scale designed to assess the following five personality traits: neuroticism, extraversion, openness to experience, agreeableness, and conscientiousness. Each dimensional score is presented as a T-score with a mean of 50 and a standard deviation of 10. This scale has also been shown to have adequate reliability, internal consistency, and validity [17] .
NIRS Measurement
NIRS easily and non-invasively measures brain activity by monitoring changes in hemodynamic responses when neurons are activated. In the area of activated brain neurons, oxygen consumption gradually increases and blood supply increases to provide oxygen via oxygenated hemoglobin (oxy-Hb). NIRS takes advantage of the fact that blood hemoglobin diffuses near-infrared light, and, furthermore, that the absorption and diffusion of near-infrared light depend on the degree of oxidation of the hemoglobin. By measuring the transmitted near-infrared light between emitter and receiver probes, we can estimate the change in brain metabolic activity. In this study, metabolic neural activity was assessed by the oxy-Hb, deoxygenated hemoglobin (deoxy-Hb), and total Hb, all indicators of changes in blood within the irradiated area.
We used a 2-channel miniaturized wireless instrument (PocketNIRS Duo, DynaSense, Japan), which utilizes near-infrared light emitted at three different wavelengths (735, 810, and 850 nm) based on the modified BeerLambert law. We measured activity within the prefrontal cortex through 2 pairs of light source and detection probes located at Fp1 and Fp2 according to the international 10 -20 electrode placement system for electroencephalography of Rechtschaffen and Kales [18] . The distance between the light source and detection probes was 3 cm. Sampling frequency of the absorption of near-infrared light was set as 10 Hz (a time resolution of 0.1 s). The data from NIRS is expressed in arbitrary units.
Neuropsychological Task
Brain activation was evoked by the verbal WFT and TMT tasks [19] [20] . Participants sat on a comfortable chair in a silent room. In the verbal WFT task, the participants were asked to name (within a 60-s period per letter) as many nouns as they could beginning with the Japanese hiragana letters "fu", "a", and "ni". The sequence of the hiragana letters was counterbalanced among 3 groups of randomly allocated participants. The total number of words produced during the task periods was taken as behavioral performance. Because NIRS data vary greatly from individual to individual, an intra-individual comparison is preferable to a between-groups comparison. We, therefore, also collected NIRS data during a baseline period (see Figure 1) , during which the participants were instructed to vocalize the letters "a", "i", "u", "e", "o", repeatedly for 30 s. An auditory cue was provided to signal the switch to each given task period from the baseline period. To prevent postural changes from evoking movement-related artifacts in the NIRS data, participants were instructed to focus on a black point in front of their desk during both the baseline and WFT periods.
The TMT task, consisting of Parts A and B, is a widely used task for evaluating executive function [21] . In the Part A, the participants are required to draw a line connecting consecutive numbers (1 -25) in sequential order as rapidly as possible. In Part B, they must draw a line alternately between consecutive numbers and letters (1, A, 2, B, 3, etc.) as quickly as possible. As a control task, the participants must draw a line connecting sequentially presented numbers. The time required to complete the task was the measure of behavioral performance.
Data Analysis
For the WFT, we analyzed the last 20 s of the NIRS baseline period prior to the start period for each letter of the task, calculated the average changes for these three baseline periods, and defined this as the baseline data. For the activation periods, we analyzed the last 50 s of the WFT task period. For baseline-correction of the NIRS data, the mean values of oxy-Hb, deoxy-Hb, and total Hb were set to zero for each block (see Figure 1) . The averaged changes for the three periods during which the participants were engaged in the WFT was used as the activation data. The baseline and activation data for the levels of oxy-Hb, deoxy-Hb, and total Hb were then used in statistical analyses.
For the TMT task, we included all epochs of the control task, TMT Part A, and Part B in statistical analyses, because the length of each part was different. Average values during the control task, TMT Part A, and Part B were calculated and used for statistical analyses (see Figure 1) .
The chi-square test and t-test were used for group comparisons. For analysis of relationships between presenteeism and brain activity, we calculated the Spearman's rank correlation coefficient. We also performed a repeated measures analysis of covariance (ANCOVA), with age as a covariate, to compare the hemodynamic changes between baseline and activation condition. If ANCOVA indicated a significant interaction, we conducted a simple main effect. We performed paired t-tests to assess hemodynamic changes during the TMT task.
The P values of the pairwise comparisons were corrected by Bonferroni method. All statistical analyses were executed using IBM SPSS Statistics 20.0.0.1 statistical software. We considered a 2-tailed P value of less than 0.05 to indicate a statistically significant difference.
Results
Comparisons of demographics, psychological variables, and behavioral performances on the neuropsychological tests between controls and presenteeism students are summarized in Table 1 . Although significant differences in age (t = −2.86, P = 0.014) and BDI score (t = −2.48, P = 0.027) were found, there were no significant differences in personality traits or behavioral performances on the WFT and TMT tasks. Work impairment scores (WIS) on the PSS, which reflect the impact of presenteeism on performance, were significantly correlated with BDI scores in the presenteeism group (ρ = 0.88, P < 0.001) (Figure 2) . Students in the presenteeism group with lower WIS scores exhibited higher extraversion (ρ = −0.68, P = 0.023) and agreeableness (ρ = −0.66, P = 0.028) on the NEO-FFI (Figure 2) . Table 2 summarizes the changes in oxy-Hb, deoxy-Hb, and total Hb between the baseline and activation conditions of the WFT task. The repeated measures ANCOVA of oxy-Hb revealed significant interactions between group and task activation; the simple main effect of task activation was significant in the healthy controls but not in the presenteeism group. Performing the WFT induced a significant increase in oxy-Hb only in the control group. There were also significant main effects of group in deoxy-Hb. Students with presenteeism had higher P < 0.01, * P < 0.05 significant differences between control and presenteeism groups (ANCOVA followed by test for simple main effec). Degrees of freedom for F-value were F(1, 19) for all reported effects. deoxy-Hb compared to healthy controls. A significant interaction of group with task activation was also found for the changes in total Hb; there was a significant increase in total Hb only in controls. Table 3 summarizes the hemodynamic changes during the TMT task. We found the significant increasing during TMT Part B in the healthy control students.
Discussion
We examined whether it was possible to associate brain activity with presenteeism, which is a subjective symptom, by means of objective measurements. Specifically, we used NIRS as a functional neuroimaging method to examine activity in the prefrontal cortex induced by cognitive stimuli in presenteeism students and healthy controls. The students with presenteeism did not show significant increases in prefrontal cortex activation during the WFT and TMT tasks, whereas healthy controls did. Previous studies reported that healthy controls had a greater increase in oxy-Hb under various cognitive stimulations in prefrontal cortex compared to patients with depression [22] [23], schizophrenia [24] , and pervasive developmental disorder [25] [26] . Our results are quite similar to these previous studies. These previous findings may help to explain why the students with presenteeism did not exhibit increased prefrontal cortex activity during cognitive tasks. In the present study, although we did not find significant differences in behavioral performances on the WFT and TMT tasks between students with presenteeism and controls, increased activation of the prefrontal cortex during these tasks was identified by NIRS only in healthy students. It is thought that we objectively disclosed a loss of productivity that is observed in presenteeism using a neuroimaging method. Another significant point is that the BDI scores and personality traits were significantly associated with WIS, which represents the degree of presenteeism. In particular, extraversion and agreeableness, which were inversely correlated with WIS, may be important factors influencing the prevention and remedy of presenteeism. Furthermore, these correlation-based results might reinforce the concurrent validation of the PSS.
Moreover, we consider that the present study is particularly informative in representing the concept of presenteeism. In our previous study, we confirmed the reliability of the PSS via the test-retest method as well as its concurrent and factorial validity [9] . In this study, we have verified the construct validity of the PSS via the NIRS measurements, and demonstrated that students with presenteeism exhibited a dysfunction in the prefrontal cortex.
Despite the lack of decreased behavioral performance, the fact that cortical brain dysfunction underlying the performance might occur, seems to be important for university students because high performance is required to conduct university-level study. Another study using NIRS showed that memory learning increased oxy-Hb concentrations in healthy participants, and suggested that the activation of prefrontal cortex during memory learning plays a critical role in verbal memory or learning [27] . In other words, the students with presenteeism exhibited less activation in the prefrontal cortex even when they required attentional concentration, which might result in low productivity. Furthermore, presenteeism might lead to a lower quality of campus life, accidents resulting from inattention during experiments, or dropping out of the university.
Conclusion
In conclusion, this study is the first to reveal an association of presenteeism with activity of the cerebral cortex. We believe that the fact, students with presenteeism have prefrontal dysfunction, might reinforce the concept of presenteeism.
